A Gram-stain-negative, aerobic, non-motile and rod-shaped bacterium, designated B1
The genus Maribacter, belonging to the family Flavobacteriaceae, was first proposed by Nedashkovskaya et al. [1] and the description was emended by Barbeyron et al. [2] , Nedashkovskaya et al. [3] , Weerawongwiwat et al. [4] , Lo et al. [5] , Hu et al. [6] and Jackson et al. [7] . Currently, the genus Maribacter consists of 21 species with validly published names. Maribacter species have been isolated from marine habitats, such as seawater [2, 8] , algae [3, 4, 6, 9, 10] and sediments [5, [11] [12] [13] . Members of the genus Maribacter are aerobic or facultatively anaerobic, Gram-negative and rod-shaped, and possess menaquinone 6 (MK-6) as the major or sole respiratory quinone [1] . The major fatty acids are iso-C 15 : 0 , iso-C 15 : 1 and iso-C 17 : 0 3-OH and the presence of C 15 : 0 is dependent on culture conditions [5] .
Some heavy metal ions (e.g. cobalt) are essential trace elements, but essential or not, most heavy metals are toxic at higher concentrations [14] . Some micro-organisms are able to tolerate certain kinds and concentrations of heavy metals. For example, the MIC of cobalt reported was 25 mM on Cupriavidus metallidurans [15] . However, no cobalttolerant bacterium of the genus Maribacter has previously been reported. In this study, a heavy-metal-tolerant bacterium isolated from a deep-sea sediment sample was subjected to a polyphasic taxonomic study.
A deep-sea sediment sample was collected from the South Atlantic Ocean (13 28¢ W 14 43¢ S) at a depth of 2819 m by a television grab bucket operated from the vessel Da Yang Yi Hao in March 2012. Aboard the ship, the sediment sample was subsampled aseptically and used immediately. A sediment subsample of approximately 100 mg was suspended in 2 ml of sterile seawater and mixed for 2 min aseptically. The mixture was spread on marine agar 2216 (MA; BD) containing 2 mM Co 2+ . The plate was then incubated at room temperature (approximately [25] [26] [27] [28] C) for 1 month on the vessel and transported to the laboratory when the vessel returned. One orange-yellow colony, designated strain B1
T , was picked out and purified on MA by repeated restreaking. T was maintained in MB or on MA at 20 C. For long-term storage, these strains were stored at À80 C in MB supplemented with 30 % (v/v) glycerol.
Genomic DNA was extracted using a bacterial genomic DNA fast extraction kit (DongSheng Biotech). The 16S rRNA gene was amplified and sequenced as described previously [16] . The genome of strain B1
T was sequenced using SMRT technology with a PacBio RS II platform (Zhejiang Tianke). One library was constructed with 10 kb insert size according to the large SMRTbell gDNA protocol (Pacific Biosciences). The sequencing generated 40 910 reads with a mean length of 13 775 nt (563 Mb, 121-fold genome coverage). The de novo assembly of the reads was performed using HGAP Assembly version 2 (Pacific Biosciences). The circularization of final contigs was checked and overlapping ends were trimmed. The complete 16S rRNA gene sequence was annotated via the RNAmmer 1.2 server [17] from the genome sequence and deposited in the GenBank database. The 16S rRNA gene sequence of strain B1
T was compared with closely related sequences of reference organisms via the online EzBioCloud's database [18] as well as NCBI-nr database.
Phylogenetic analysis was performed in ARB release 6.0.2 [19] in the All-Species Living Tree Project database (LTP_s123, November 2014, [20] ). The 16S rRNA gene sequence of strain B1
T was aligned with SINA (version 1.2.11) according to the SILVA seed alignment (http://www. arb-silva.de; [21] ) and implemented into the LTPs database. Based on the obtained phylogenetic resolution and EzBioCloud's Identify Service results, 21 species of the genus Maribacter were selected for phylogenetic analysis and the type strain of Muricauda ruestringensis was used as the outgroup. The 16S rRNA gene sequences of these strains were retrieved based on the accession number and aligned with CLUSTAL W [22] . Phylogenetic trees were reconstructed using the MEGA 6.0 program package [23] via the neighbourjoining [24] , maximum-parsimony [25] and maximumlikelihood [26] methods. Bootstrap analysis (1000 resampled datasets) was used to evaluate the tree topology. Kimura's two-parameter model [27] was used for phylogeny reconstruction and evolutionary distance analysis. The DNA G+C content was obtained from the genome sequence of strain B1
T .
The genome of M. orientalis DSM 16471 T (FNZN00000000) was retrieved from the GenBank database. The average nucleotide identity (ANI) was calculated using the OrthoANIu algorithm by ChunLab's online Average Nucleotide Identity calculator (http://www.ezbiocloud.net/tools/ani). In silico DNA-DNA hybridization (DDH) values were calculated by Genome-to-Genome Distance Calculator 2.1 (GGDC) (http://ggdc.dsmz.de/ggdc.php).
Cellular morphology, ultrastructure, size and motility were observed by using laser scanning microscopy (TCS SP5; Leica) and transmission electron microscopy (JEM-1230; JEOL). The hanging drop method was used to test for motility. The temperature range for growth was tested by incubating at 4, 10, 15, 20, 25, 28, 30, 35, 37 and 42 C. The NaCl range for growth was determined by using NaCl-free MB (prepared according to the MB formula, but without NaCl) supplemented with NaCl at 0.5 % and 1-10 % (w/v), in increments of 1.0 %. The pH range for growth was investigated in MB that was adjusted to pH 5.0-10.5 (in 0.5 pH unit intervals) using biological buffers (MES for pH 5.0-6.0, PIPES for pH 6.5-7.0, Tricine for pH 7.5-8.5 and CAPSO for pH 9.0-10.5) at a concentration of 25 mM. The requirement for sea salts for growth was determined in PY medium (peptone 5.0 g, yeast extract 1.0 g and distilled water 1 litre, pH 7.6) supplemented with sea salts (Sigma) at final concentrations of 0, 0.5, 1.0, 2.0, 3.0, 4.0, 4.5 and 5.0 % (w/v). Growth was monitored by measuring OD 590 in a UV/Visible Spectrophotometer (Ultrospec 6300 pro; Amersham Biosciences). Upper and lower limits for growth were confirmed when no growth was observed after 1 month's incubation.
The Gram reaction, oxidase and catalase activities, hydrolysis of starch (1 %, w/v) and Tweens 20, 40 and 60 (0.5 %, w/v) were determined based on the methods given by Dong and Cai [28] . Anaerobic growth was assessed with an AnaeroPack (Mitsubishi) using sodium nitrate (20 mM The crude pigment mixture from cells was extracted using methanol and the pigment absorption spectrum was analysed using a Beckman DU 800 spectrophotometer (absorption spectrum from 300 to 1000 nm) [29] . The utilization of carbohydrates as sole carbon and energy sources was determined in BM medium [30] supplemented with 1 ml vitamin solution. The vitamin solution contained (per litre): 1.0 g nicotinic acid, 1.0 g thiamine hydrochloride, 50 mg biotin, 0.5 g p-aminobenzoic acid, 10 mg vitamin B 12 , 0.5 g calcium pantothenate, 0.5 g pyridoxine hydrochloride and 0.5 g folic acid [31] . The corresponding filter-sterilized complex nutrients (yeast extract, peptone or tryptone, 0.2 %, w/v), sugars (0.2 %, w/v), alcohols (0.2 %, w/v), organic acids (0.1 %, w/v) or amino acids (0.1 %, w/v) were added to the medium. Acid production from substrates was tested using oxidation-fermentation (MOF) medium [32] . Filter-sterilized substrates were added at a final concentration of 1.0 %. Tests for enzyme activities and other biochemical characteristics were performed using API 20NE, API 20E and API ZYM reagent strips (bioM erieux) according to the manufacturer's instructions. Sea salts (2.0 %, w/v; Sigma) was added to the AUX medium according to the suggestions of the manufacturer. Two reference strains, M. orientalis DSM
16471
T and M. sedimenticola KCTC 12966 T , were used in parallel comparisons under identical conditions in the above tests.
Cellular fatty acid methyl esters were extracted from cells collected from the third quadrant (at the late exponential phase) along the streaking axis after incubation for 4 days according to the instructions of the Microbial Identification System (MIDI). The extracts were assessed by using the Sherlock GC System (model 7890B apparatus with a 25 mÂ0.2 mm, 0.33 µm GC column). The cellular fatty acid composition was determined based on Sherlock Composition Reports. Total lipids were extracted and separated by two-dimensional TLC on silica gel 60 F254 plates (Merck) [33] . Four kinds of spray reagents were used to detect the corresponding lipids, molybdophosphoric acid (molybdophosphoric acid/ethanol, 5 : 100, w/v) for total lipids, molybdenum blue spray reagent (Sigma) for phosphoruscontaining lipids, ninhydrin reagent (ninhydrin/ethanol, 0.5 : 100, w/v) for lipids containing free aminolipids and anaphthol reagent (a-naphthol/methanol/distilled water, 0.5 : 50 : 50, w/v/v, and sulfuric acid/ethanol, 1 : 1, v/v) for glycolipids [34, 35] . Isoprenoid quinones were extracted from cells of strain B1
T with chloroform/methanol (2 : 1, v/v). Extracts were evaporated to dryness at 35 C, resuspended in chloroform/methanol (2 : 1, v/v) and separated on GF254 silica gel plates (Branch of Qingdao Haiyang Chemical) with n-hexane/ether (17 : 3, v/v). The isoprenoid quinones were analysed by HPLC-MS (Agilent 1200 and Thermo Finnigan LCQ DECA XP MAX mass spectrometer).
Cells of strain B1 T were aerobic, Gram-stain-negative, nonmotile, rod-shaped, 0.3-0.5 µm in width and 2.0-4.0 µm in length (Fig. S1 , available in the online version of this article). Colonies were orange-yellow, circular, convex, smooth and 1-2 mm in diameter after 4 days of incubation at 30 C on MA. Growth occurred in the presence of 0.5-6.0 % (w/v) NaCl (optimum, 1.0-2.0 %). The pH range for growth was 5.5-7.5 (optimum, pH 7.0) and the temperature range for growth was 15 T falls within the cluster comprising Maribacter species (data not shown). The topology of the neighbour-joining phylogenetic tree also supported the notion that strain B1
T fell within the cluster comprising Maribacter species and formed an independent lineage ( Fig. 1) with a high bootstrap value (83 %). Similar results were obtained using the maximum-likelihood and maximum-parsimony algorithms (Fig. 1) . Phylogenetic analysis thus indicated that strain B1 T may represent a novel member of the genus Maribacter.
The genome size of strain B1 was 4.4 Mb. Genome analysis indicated absence of the photosynthesis gene cluster involved in the bacteriochlorophyll a biosynthetic pathway (bch genes, puf genes, puh genes and regulatory genes). However, strain B1
T harboured crt genes responsible for biosynthesis of carotenoids. The DNA G+C content of strain B1
T was 39.7 mol%, a value in the range reported for
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Maribacter thermophilus HT7-2 T (LDAS01000001) members of the genus Maribacter, i.e. 32.6-41.5 mol% [7, 36] . The ANI value between strain B1 T and M. orientalis DSM 16471
T was 72.0 %. The in silico DDH values (the recommended results from formula 2) indicated that strain B1 T and M. orientalis DSM 16471 T shared 17.6 % DNA relatedness. The ANI values and in silico DDH values were strikingly lower than the threshold values of the species boundary (ANI 94-96 % and in silico DDH 70 %) [37, 38] , revealing a low taxonomic relatedness between strain B1 T and M. orientalis DSM 16471
T . These values indicate that strain B1
T represents a different genomic species in the genus Maribacter.
The chemotaxonomic results also supported the results of the phylogenetic analysis. The sole respiratory quinone found in strain B1
T was MK-6, in line with all members of the family Flavobacteriaceae [39] . The predominant cellular fatty acids of strain B1
T were iso-C 17 : 0 3-OH, iso-C 15 : 0 and iso-C 15 : 1 G, a profile that was similar to the reference strains ( Table 2 ). Strain B1
T contained a high proportion of branched fatty acids (77.7 %), which was similar to the reference strains (77.0 and 52.6 %, respectively; Table 2 ). The polar lipid profiles indicated that strain B1
T possessed phosphatidylethanolamine (PE), one unidentified aminolipid (AL2) and two unidentified lipids (L1 and L2) as the major compounds, which was similar to the reference strains (Fig.  S2 ). In addition, strain B1
T possessed three unidentified glycolipids (GL1-3), one unidentified aminolipid (AL1), one unidentified phospholipid (PL1) and two unidentified lipids (L4 and L7), which were also found in the two reference strains (Fig. S2) .
The chemotaxonomic data also revealed clear differences in the fatty acid compositions and polar lipid profiles between strain B1
T and the two reference strains. The percentage of iso-C 15 : 0 of strain B1 T (24.6 %) was higher than that of the reference strains (17.7 and 11.0 %, respectively). Additionally, iso-C 17 : 0 and C 16 : 1 2-OH were present in the reference strains (trace to 1.8 %), but were not detected in strain B1 T (Table 2) . Phosphatidylglycerol (PG), the major polar lipid of M. orientalis DSM 16471
T , was not found in strain B1 T . One unidentified lipid (L6) was present in strain B1
T at moderate or minor amounts, while it was not detected in the reference strains.
Strain B1
T tolerated cobalt concentrations up to 10 mM on MA plates. None of the reference strains grew on MA plates containing a Co 2+ concentration of more than 1 mM. Strain B1 T could also be distinguished from the type strains of its close relatives based on differences in phenotypic characteristics, such as colour, temperature and NaCl ranges for growth, carbohydrate utilization, enzyme activities and acid production ( Table 1) . On the basis of the phylogenetic analysis and chemotaxonomic data, as well as phenotypic characteristics, obtained in this study, following the guidelines given by Bernardet et al. [40] , strain B1
T represents a novel species within the genus Maribacter, for which the name Maribacter cobaltidurans sp. nov. is proposed.
DESCRIPTION OF MARIBACTER COBALTIDURANS SP. NOV.
Maribacter cobaltidurans (co.bal.ti.du¢rans. N.L. neut. n. cobaltum cobalt; L. pres. part. durans enduring, being insensible to; N.L. part. adj. cobaltidurans cobalt-tolerating).
Cells are Gram-stain-negative, aerobic, non-motile and rodshaped, 0.3-0.5 µm in width and 2.0-4.0 µm in length. Colonies are orange-yellow, circular, convex, smooth and 1-2 mm in diameter after 4 days of incubation at 30 C on MA. Requires Na + ions or sea salts for growth. Grows in NaCl-free MB supplemented with 0.5-6.0 % (w/v) NaCl (optimum 1.0-2.0 %). The pH and temperature ranges for growth are pH 5.5-7.5 and 15-37 C (optimum growth at pH 7.0 and 30 C). Contains carotenoid-like pigments. Bacteriochlorophyll a is absent. No anaerobic growth occurs on MA supplemented with sodium nitrate or sodium nitrite. 
